Stochastic models are widely used in a large diversity of application areas. In many important cases the underlying system's behavior is strongly influenced by rare events, which occur with extremely small probability but which may have serious consequences. The necessity to analyze such rare events is exemplified by ruins in insurance risk or finance, breakdowns of manufacturing systems, packet losses and buffer overflows in computer and communication networks, false alarms in radar or similar security systems, technical defects, amongst many others.
Analytical and numerical treatment of realistically dimensioned system models involving rare events is usually infeasible and the modeling power and flexibility of stochastic simulation provides several advantages over other approaches. However, brute force direct simulation of rare events is not effective, since rare events occur too infrequently in simulations to compute reliable statistical estimates in reasonable time. Hence, specialized rare event simulation techniques are highly desirable. Simulation speed-up is necessary in the sense that the simulation time to obtain estimates with appropriate accuracy must be reduced.
In recent years, there have been significant theoretical and practical advances towards the development of efficient simulation techniques for the evaluation of systems involving rare events. The remarkable success and the effectiveness of methodologies for rare event simulation have led to more research into their potential as well as a growing interest in their accessibility and robustness. The continuously increasing complexity of real world systems poses demanding challenges for the development of advanced rare event simulation methodologies and their applications.
Importance sampling and RESTART (Repetitive Simulation Trials after Reaching Thresholds), which is a variant of importance splitting, are the most widespread rare event simulation techniques. In order to achieve variance reduction, importance sampling applies a change of measure such that the rare event of interest occurs more frequently under the new probability measure. The systematically biased results are then unbiased by appropriate likelihood ratios. In contrast, RESTART does not change the underlying probability measure but partitions the state space. Whenever a simulation run reaches certain thresholds and thereby enters state space regions that are closer to the rare event than previous regions, the run is split into multiple copies that further evolve independent of each other. Consequently, the frequency of observing the rare event is increased and its actual probability can be expressed by conditional probabilities.
Within both importance sampling and RESTART, specific strategies are necessary and determine the efficiency of resulting simulation algorithms. While in importance sampling, the specific change of measure must be appropriately chosen, RESTART requires a suitable partition and a strategy for the splitting, that is, the number of copies to be generated when reaching a threshold. Important mathematical and algorithmic tools are large deviations theory and optimization techniques, in particular adaptive approaches such as the cross-entropy method which essentially relies on the idea to obtain a change of measure by adaptively minimizing the cross-entropy (relative entropy) between the actual measure and the optimal measure that would provide a zero-variance estimator but is not available in practice.
This special issue on rare event simulation methodologies and applications, in fact split into two journal issues, consists of five articles: Articles 1 through 3 are published in this issue, and articles 4 and 5 in the November issue. These five selected contributions address in detail the described general approaches and capture current trends in specific application strategies. A brief sketch of each paper's topic is given below.
Miretskiy, Scheinhardt and Mandjes present a heuristic change of measure for importance sampling applied to overflow probabilities in a tandem queue where the server of the upstream queue reduces its speed if the downstream queue exceeds a certain level. Tandem queues traditionally served as reference models for developing new change of measure strategies and demonstrating their efficiency. However, mostly standard tandem Jackson networks have been investigated. Considering tandem queues with server slowdown thus provides valuable new insights to importance sampling and constitutes an important step forward in rare event simulation.
The second through fourth article employ the crossentropy method. Ridder and Rubinstein apply the minimum cross-entropy method to the estimation of rare event probabilities for sums of independent identically distributed random variables. Botev, Kroese and Taimre consider extensions of cross-entropy based methods to provide a general non-parametric framework based on 1-divergence distance measures. Woudt, de Boer and van Ommeren apply kernel smoothing techniques in order to improve the efficiency and to ease the usability of the method as applied to Markovian queueing networks.
Finally, Villen Altamirano considers the partitioning of the state space in RESTART for simulating highly dependable systems and provides a reasonably simple importance function that mathematically defines the regions necessary for the actual application of the method.
This special issue was initiated by an open call for papers. Nevertheless, a major source of submissions was the 6th International Workshop on Rare Event Simulation, RESIM 2006, which was held in Bamberg, Germany, October 8-10, 2007, technically sponsored by the University of Bamberg and the European Network of Excellence Eu-roNGI/FGI. The RESIM workshop series started in 1997, was continued in 1999, and since 2000 has become a regular biennial event.
Many people were involved in the preparation of the special issue. First of all, I thank all authors who contributed by submitting their manuscripts. The selection of articles followed a rigorous peer-review process. Each submission received at least three independent reviews, which, if required, was followed by another round of reviews for revised versions. I am particularly grateful to the referees, listed below in alphabetical order, some reviewed even more than one paper. Last but not least, I thank Pieter Mosterman, co-Editor-in-Chief of SIMULA-TION in charge of this special issue, for approving my initial proposal and supporting me throughout the stages of preparation.
I am convinced that the selected high-quality articles constitute a particularly valuable contribution to rare event simulation. Enjoy reading!
Bamberg, December 2007
Werner Sandmann
